Background. Despite the low and decreasing prevalence of tuberculosis (TB) in the United States, there remain certain high-risk groups with high incidence rates. The targeted screening and treatment of latent TB infection (LTBI) among these high-risk groups are needed to achieve TB elimination; however, by most accounts, LTBI treatment completion rates remain low.
There has been significant progress in the fight against tuberculosis (TB) in the United States over the last few decades. In 2014, there were a total of 9412 TB cases reported in the United States for an incidence rate of 3.0 cases per 100 000 population [1] . This declining number of TB cases has led to a record low incidence in the United States and makes it one of lowest burdened TB countries in the world [2] . However, this low rate of TB obscures the fact that there remain subpopulations with high rates of TB including the homeless, foreign born, and persons with immunosuppressive conditions [3] [4] [5] . Finding ways to optimize the identification and treatment completion rates of latent TB infection (LTBI) among such high-risk groups is needed for the United States to achieve the goal of TB elimination set by the World Health Organization's Stop TB Program [2] .
Although the number of active TB cases in the United States continues to decline, the estimated prevalence of LTBI unexpectedly increased from 1999-2000 to 2011-2012, by 4.3% to 4.7%, respectively, with rates in foreign-born persons remaining high at 20.5% [6] . This estimated 13 million person reservoir of Mycobacterium tuberculosis remains a huge obstacle to eliminating TB, especially considering that approximately 80% of active TB cases in the United States are thought to be a result of reactivation of LTBI [7] . A targeted screening approach for LTBI among persons with the highest risk of progressing to active TB and among groups with high rates of active TB is recommended [8] . These groups include (1) persons with human immunodeficiency virus (HIV) who have a >10 times risk of progressing to active TB and (2) foreign-born and homeless persons who have much higher active TB rates than the overall US population (15 and 36-47 per 100 000 population, respectively) [3] [4] [5] .
A major hurdle in TB prevention is getting persons to accept and complete LTBI treatment. In general, rates of LTBI completion in the United States have been low, with most studies finding completion rates <60%, which is far below the Centers for Disease Control and Prevention (CDC) target completion rate of 79% [9] [10] [11] . The long treatment duration for LTBI regimens is believed to be a major adherence issue, and thus the approval of a once-weekly, 3-month course of rifapentine plus isoniazid regimen (3HP) in 2011 has provided much hope for improving compliance [12] . Most of the evidence for approval of this regimen came from the PREVENT-TB trial, which found a higher treatment completion rate among patients on 3HP versus those taking a standard 9-month course of isoniazid (82% vs 69%, P < .01) [13] . This shorter and well tolerated regimen may allow more people to start and finish LTBI treatment; however, to date, there is limited data on its performance (adherence, tolerability, and effectiveness) in a nontrial setting [14] .
The Fulton County Health Department (FCHD) in Atlanta, Georgia serves the inner city population of downtown Atlanta, which consists of many foreign-born persons, HIV-infected persons, and also many persons residing at local shelters or rehabilitation programs. Our study aims were to determine the completion rate and predictors of completion among this population at high risk for TB amidst a few notable happenings. These include (1) a TB outbreak in metropolitan Atlanta associated with downtown homeless shelters and (2) the introduction of 3HP in early 2012. By identifying the groups at high risk for noncompletion of LTBI treatment, our results may help to inform future interventions.
METHODS
A retrospective cohort study design was used to evaluate adult patients (≥18 years) who accepted treatment for LTBI at the FCHD TB clinic in Atlanta, Georgia. All patients who accepted LTBI treatment from January 2012 through December 2013 were included. The clinic provides screening and treatment services for both active TB and LTBI Monday through Friday and predominantly serves an inner city population. Of note, during the study period, there was an ongoing cluster of isoniazid (INH)-resistant active TB cases associated with Fulton County homeless shelters. The clinic is staffed with a full-time physician, volunteer physicians from a local academic university and the CDC, nurses, program managers, and 5 outreach staff who provide directly observed therapy (DOT) for active TB and patients receiving the 3HP for LTBI. The 3HP regimen was initiated as an additional treatment option for LTBI in April 2012, along with existing regimens: 9 months of daily INH (9H) and 4 months of daily rifampin (4R). The 3HP doses of weekly rifapentine and INH were 900 mg each with dose reduction for weight <50 kg. Either 25 or 50 mg of vitamin B6 was provided for regimens containing INH. A reminder call was made before every appointment, and each patient was assigned a case worker to assist with adherence. All medications and DOT visits were provided at no cost. Additional services were provided at either low cost or at no cost for patients unable to pay, and incentives including transportation and food vouchers were provided to patients when available. Language interpretation services were also available. Patient education was provided by treating clinicians, and TB information pamphlets were available in English and Spanish for all patients.
All patients received a diagnostic test for LTBI, with most receiving a tuberculin skin test (TST) using 5 IU of purified protein derivative and/or a QuantiFERON Gold interferon-gamma release assay. Tests were interpreted according to CDC guidelines for LTBI [11] . All patients with a positive test for LTBI were evaluated for active TB with chest radiography and clinical exam, and, when indicated, sputum samples were collected for acid-fast bacilli smear and culture. If active TB was ruled out, the final decision to offer treatment for LTBI was made by clinic physicians. In general, LTBI treatment was offered to patients with a positive test for LTBI and/or for patients who were contacts of active TB cases. In persons previously treated for LTBI, the decision of whether to retreat was at the discretion of the evaluating clinician and based on timing of prior treatment, likelihood of re-exposure, and risk of progression. Human immunodeficiency virus testing was offered for all patients not known to be HIV positive. It was standard for each of the 3 available treatment regimens (3HP, 4R, and 9H) to be discussed with patients offered LTBI treatment; however, there were certain preferences for a regimen in specific populations. The 4R regimen was preferred for patients with a known exposure to a case of INH-resistant TB or homeless patients staying in local shelters given an ongoing outbreak of INH-resistant TB. In accordance with CDC guidelines, the 3HP regimen was contraindicated for HIV-positive patients receiving antiretroviral therapy (ART) and for patients presumed to be infected with INH-resistant TB, as noted above [12] . Given the possible drug-drug interactions with rifamycins, the 9H regimen was preferred for HIV-positive patients receiving ART [11, 12] . Standard follow-up consisted of a monthly physician visit. Patients on 9H and 4R regimens were given 1 month of medication at a time. Baseline complete blood counts (CBCs) and chemistry panels were standard for all patients on all regimens. Follow-up CBCs and chemistry panels were done at the discretion of the treating clinician, directed by symptoms and for chemistry panels influenced by the presence of underlying risk factors for hepatotoxicity. In addition, the decision to hold treatment or change regimens due to an adverse event was up to the treating physician.
Definitions
For the 9H and 4R regimens, treatment completion was defined as a patient taking ≥88% of his/her doses as prescribed within 12 months and 6 months, respectively. Adherence for these 2 regimens was assessed by patient self-report and monthly medication refills. For the 3HP regimen, treatment completion was defined as receiving ≥11 of 12 scheduled doses via DOT within a 16-week period. Treatment completion rates were based on those used in a clinical trial of 3HP [13] . Alcohol and tobacco use was defined by any current use as recorded in the medical chart. Illicit drug use was defined by any current use of crack cocaine or heroin. Psychiatric illness was defined by the receipt of any psychiatric medication or reported mental illness including but not limited to depression, schizophrenia, and bipolar disease. An interruption of treatment was defined by missing ≥7 days of medication for any regimen. Hepatotoxicity was identified by a ≥3 times increase in liver function tests (LFTs) plus symptoms or a ≥5 times increase in LFTs [15] .
Data Collection
A brief medical chart review was performed for all persons without active TB seen in the FHCD TB clinic during the study period. A further detailed review was performed for those accepting LTBI treatment. A standardized data collection form was used to abstract data on demographics, medical history, test results, and LTBI treatment course and outcomes. All symptoms developing during LTBI treatment were recorded as indicated in the medical charts. All data were entered into an online REDCap database [16] .
Data Analysis
Data analyses were performed using SAS, version 9.4 (SAS Institute Inc., Cary, NC). For descriptive statistics, differences in categorical variables were tested using either the χ 2 or Fisher′s exact test, and for continuous variables, a 2-sample t test was used. A 2-sided P < .05 was considered significant throughout analyses. A logistic regression model was used to estimate the independent association of predictors of completing LTBI treatment. Logistic model building and covariate selection were based on the purposeful selection of patient-level factors as previously described [17] . In brief, variables with a P < .20 in univariate analysis were included in an initial multivariate model, and the final model included variables with a P ≤ .10. We also checked for confounders, defined by a change in an odds ratio of ≥20% upon removal of a variable, and we rechecked all variables for inclusion in the final model. Approval for this study was received from the FCHD and the Emory University Institutional Review Board.
RESULTS
A total of 1984 adults were evaluated for LTBI during the 2-year study period. The reasons for screening included for employment or shelter clearance (1252, 63%), contact to an active TB case (343, 17%), referred for a positive LTBI test (327, 17%), or other (62, 3%). As shown in Figure 1 , 547 patients (28%) were offered treatment, and, of those, 424 patients (78%) accepted treatment. Of those accepting treatment, 298 completed their LTBI treatment, representing 55% of those offered treatment and 70% of those accepting treatment. There was no significant difference among the completion rates among patients receiving 9H (75 of 115, 65%) vs 4R (181 of 256, 71%) vs 3HP (42 of 53, 79%), P = .18. Among patients receiving 3HP, 38 (72%) received DOT at their place of residence or work, and 2 switched regimens after it was found out they were a contact to an INH-resistant TB case. The mean age of the 424 patients accepting treatment was 42 years, and most patients were black (77%) and male (65%). One third of patients were foreign born. Although most patients had stable housing (68%), only a minority were currently employed (27%). The rates of HIV infection, diabetes mellitus, and hepatitis C infection were 15%, 7%, and 4%, respectively. The rates of current alcohol (33%) and tobacco (29%) use were similar. One fourth of patients were a contact to an active TB case. A total of 345 patients had a TST performed (344 positive), and 102 patients had a QuantiFERON-TB Gold test (QFT) performed (97 positive), with only 25 patients having both tests performed (25 TST positive, 20 QFT positive). The most common LTBI treatment regimen was 4R (60%) followed by 9H (27%) and 3HP (13%). Further cohort characteristics are shown in Table 1 .
In comparing patients receiving different LTBI treatment regimens, those who were employed, had stable housing, and were a contact to an active TB were each significantly more likely to receive the 3HP regimen compared with the 9H and 4R regimens (all P < .05). Human immunodeficiency virus-positive patients were more likely to receive the 9H regimen (44%) compared with 4R (5%) and 3HP (2%) regimens (P < .01). Further comparisons are show in Table 2 .
In regards to adverse events, a total of 61 patients (14%) had any adverse event recorded in the medical chart ( Table 3 ). The most common experienced symptom was nausea (5%) followed by rash (4%), fatigue (3%), and abdominal pain (3%). Although there was no significant difference in treatment interruption among the different regimens, significantly more patients who received 9H (16%) had their treatment regimen changed due to an adverse event compared with those who received 4R (4%) and 3HP (6%) (P < .01).
Among patients who completed LTBI treatment, significantly more were married (23% vs 12%), employed (31% vs 18%), a contact to an active case (28% vs 18%), and had stable housing (74% vs 56%) than those who did not complete treatment (all P < .05) ( Table 1 ). In addition, the completion rate among those with stable housing was significantly higher than among those without stable housing (76% vs 59%, P < .01). Patients who did not complete treatment were more likely to report current tobacco use (38% vs 25%, P < .01) and experience any adverse event (25% vs 10%, P < .01) including events leading to an interruption in treatment (17% vs 5%, P < .01). In multivariate logistic regression analysis, having stable housing (adjusted odds ratio [aOR], 2.46; 95% confidence interval [CI], 1.46-4.12) was associated with completing LTBI treatment. In contrast, current tobacco use (aOR, 0.57; 95% CI, .35-.91) and any adverse event (aOR, 0.26; 95% CI, .14-.46) were associated with a lower likelihood of completing LTBI treatment (Table 4) . Treatment regimen was not found to be significantly associated with LTBI Treatment interruption due to adverse event 37 (9) 12 (10) 18 (7) 7 (13) .26
Regimen change due to adverse event 31 (7) 18 (16) 10 (4) 3 (6) <.01
Regimen change due to hepatotoxicity specifically treatment completion and hence was not included in the final model.
DISCUSSION
We found a high treatment completion rate (70%) among patients accepting LTBI treatment, including ≥65% for all 3 regimens used. These completion rates are higher than most reported in the United States and are likely a result of a multifaceted approach to LTBI care at the FHCD. Although the high completion rate is encouraging, we also demonstrate certain groups are at increased risk for not completing LTBI treatment, including persons with unstable housing, tobacco use, and those experiencing an adverse drug event. Further measures are needed to improve care in these persons and also to decrease the rate of LTBI treatment refusal (22%). Although our overall completion rate of 70% was below the target CDC completion rate, it was much higher than that found in other inner city US populations, including in New York City (45%) and Los Angeles (51%), and higher than the completion rate (47%) found in a recently published study of 12 sites in the United States and Canada [10, [18] [19] [20] . Our relatively high completion rate may be due to the comprehensive case management system used at the FCHD, which has similarities to those from the RISE TB clinic in Rhode Island [21] . To accommodate patients′ schedules, the clinic is open from Monday through Friday, with a morning and afternoon session each day, including a longer session Monday afternoon until 6:30 PM. Calls are made to remind all patients about their upcoming visits, and each LTBI case is assigned a case worker to follow up with the patient if a visit is missed. Case workers will also make field visits for patients who are having difficulty with adherence, and for patients who are lost to follow up, case workers will perform searches of local jails to attempt to locate the patients. An onsite translator is available for Spanish-speaking patients, and a language line is available for other languages. Depending on availability, public transportation vouchers, nutritional supplement drinks, and grocery vouchers are provided to patients in need.
Our results demonstrate the feasibility and high completion rates of the 3HP regimen in an inner city population. Under nonclinical trial conditions, we had a completion rate of 79% compared with 82% found in the PREVENT TB study [13] , and, if discounting the 2 patients switching regimens due to contact with an INH-resistant case, our completion rate would have been the same at 82%. A recently published study from the New York City Health Department found a completion rate of 65% among patients accepting 3HP treatment [14] . In contrast to this study, we offered DOT at the patient's place of residence or work, which was used by most patients receiving the 3HP regimen (72%). Offering DOT outside of the clinic was done in an effort to limit the inconvenience of travel and may have led to a higher rate of completion. Overall, 3HP was well tolerated, with the most common reported adverse events being nausea (10%) and rash (8%), as also seen in the New York City study [14] . The rate of permanent discontinuation of the 3HP regimen due to an adverse event was similar to that seen in the PREVENT TB study (5.7% vs 4.9%, respectively) [13] .
In contrast to our overall completion rate, the completion rate among persons without stable housing was much lower at 59%. The importance of housing was further confirmed in multivariate analysis in which persons with stable housing had a 2.5 times odds of completing treatment compared to those without stable house (most of whom were either residing in a shelter or on the streets). Homelessness has been found to be associated with not completing LTBI treatment in prior studies and speaks to the role of social factors in treatment adherence [10, 18, 22] . Given the high rate of TB in the homeless population and the low rates of LTBI treatment adherence among this population, it is imperative to develop interventions that improve completion rates among this group [3, 8] . Among the limited data in this area, a randomized control trial among homeless patients in Los Angeles found intensive case management, education sessions, and a financial incentive increased completion rates substantially (62% vs 39%), whereas another trial in San Francisco found that low cost cash incentives improved adherence to LTBI treatment among homeless adults [20, 23] . In an effort to improve completion rates among homeless patients in Fulton County and utilizing information from the above studies, there is a current program offering 4R treatment via DOT to shelter patients and providing transportation vouchers to all patients for monthly visits and weekly grocery vouchers. Although we were prevented from using the 3HP regimen among most of the homeless population in our study due to possible exposure to INH-resistant TB, whether the implementation of this shorter regimen among homeless populations improves adherence rates warrants further study.
A few other points to highlight based on our results are the significance of adverse events in treatment adherence and limited treatment options for persons infected with HIV. A multisite study found the presence of adverse events to predict noncompletion of LTBI treatment and emphasize the importance of clinical surveillance and management of adverse events [10] . The majority of HIV-infected persons (80%) in our study received a 9H regimen, and current guidelines do not recommend the 3HP regimen for HIV-infected persons receiving ART due to unknown drug interactions [12] . Given the many interactions of rifampin with ART, this leaves 9H as the remaining regimen in most cases. Shorter and better tolerated regimens for HIV-infected patients are needed. The retrospective design of our study prevented us from (1) assessing reasons for not accepting LTBI treatment, (2) performing a rigorous evaluation of adverse events, and (3) controlling for unknown confounders. For further insight into adverse events, a recent analysis from the PREVENT TB study team found that significant drug reactions, including a flu-like syndrome, were more common in the 3HP versus 9H regimen [24] . In regards to lack of randomization, there may have been confounding factors, such as clinician or patient preference for a certain treatment regimen, that were unaccounted for and may have affected our results.
CONCLUSIONS
Utilizing a multifaceted intensive case management approach, we found high rates of LTBI treatment tolerability and completion, including among those receiving a newly introduced shortened 3HP regimen. Further work is needed to improved adherence rates among the high-risk homeless population.
